Objective: To present an unusual case and proposed mechanism of bilateral spontaneous pneumothoraces with pneumomediastinum in a patient with intravenous methamphetamine use. Case report: Thin white man presented with confusion and chest pain after intravenous methamphetamine use. Initial workup found bilateral pneumothoraces with pneumomediastinum. Conservative management was initiated and subsequent radiographs and physical examination revealed subsequent improvement in pneumothoraces and pneumomediastinum. Conclusion: Intravenous methamphetamine use increases a wide number of inflammatory markers that can increase the risk of spontaneous pneumothoraces and pneumomediastinum. In patients with known risk factors, methamphetamine use can promote an increased incidence of spontaneous pneumothorax and pneumomediastinum.
Introduction
Spontaneous pneumothorax with simultaneous pneumomediastinum is an extremely rare complication of methamphetamine use. Spontaneous pneumothorax occurs when there is disruption of the pleural lining allowing air to enter the pleural space. Spontaneous pneumomediastinum occurs in a three-step process in which alveoli rupture, air dissects along the bronchovascular sheaths, and air spreads into the mediastinum [1] . On CT this often presents as linear collections of air along the bronchovascular sheaths (Macklin effect) [2] . Both spontaneous pneumothorax and pneumomediastinum have similar population risk factors: tall and thin body habitus, white, male, and active smoking status [3, 4] . Both of these conditions also are have an increased incidence in individuals who use the illicit drug methamphetamine [5] . It has been shown that methamphetamine increases inflammatory markers in rats [5] as well as cell signalling leading to cell apoptosis [6] . The proposed mechanism for both of these conditions is that inflammatory markers and barotrauma from methamphetamine use disrupt the alveolar and bronchial membrane leading to these conditions.
Case presentation
A 28-year-old thin white man with no significant past medical history presented to the emergency department with complaints of confusion and chest pain after being found naked by police in his front yard. Patient admitted to use of intravenous methamphetamine earlier that day and had trouble remembering the events over the course of the day. Upon arrival to the emergency department, patient was evaluated by the trauma team. Initial vital signs revealed heart rate 100 beats per minute, respiratory rate 22 breaths per minute, and oxygen saturation of 99% on room air. Trauma evaluation, including CT of head and spine was unremarkable for fractures or spinal cord injury. CT chest revealed extensive pneumomediastinum and subcutaneous emphysema along the entire thorax into the neck and tracking along the retroperitoneum down to the level of the iliac crests ( Fig. 1 ), as well as small bilateral pneumothoraces (Fig. 2 ). The pneumomediastinum caused concern for esophageal tear, however, water soluble swallow study was negative for esophageal pathology. Due to hemodynamic stability, there was no indication for surgical intervention.
After admission to the hospital, the patient was given supplemental oxygen therapy to maintain oxygen saturation of approximately 100% for two days. He had resolving chest pain and was weaned from the supplemental oxygen use. On physical examination, auscultation over the chest wall had subsequent improvement in Hamman's sign and subcutaneous crackles. Chest radiographs three days after admission revealed resolution of bilateral pneumothoraces and interval improvement in pneumomediastinum. He ambulated well without increased dyspnea or chest pain. Psychological counseling was performed for drugs of abuse before the patient was discharged to a drug T rehabilitation facility.
Discussion
Risk factors for primary spontaneous pneumothorax include smoking, family history, Marfan syndrome, homocystinuria, and thoracic endometriosis [7] . Secondary spontaneous pneumothorax typically occur in those with established severe lung diseases, such as cystic fibrosis, necrotizing pneumonia, or lung malignancy [8] .
Some of the mechanisms for spontaneous pneumothorax and pneumomediastinum from the inhaled formulation of methamphetamine are typically thought to be due to the barotrauma with violent drug inhalation as well as thermal injury [5] . It is also known that the inhaled formulation of methamphetamine can have a dose-dependent increase of inflammatory markers such as tumor necrosis factor (TNF)alpha and interleukin-6 [9] . Cocaine is another illicit stimulant that, in either the inhaled or intravenous formulation, can increase interleukin-8 which is associated with neutrophil-mediated alveolar toxicity [10] . It is then proposed that similar inflammatory markers that cause alveolar damage in the inhaled formulation can also cause alveolar damage in the intravenous formulation of methamphetamine. Furthermore, if methamphetamine is used in a patient with baseline risk factors for primary spontaneous pneumothorax or spontaneous pneumomediastinum, the risk of either complication is theoretically increased.
Patients who are clinically stable and have small pneumothoraces can be managed conservatively with supplemental oxygen, but larger pneumothoraces should be managed with a chest tube [11] . Treatment of spontaneous pneumomediastinum is mostly supportive [12] . In the absence of trauma, in patients with dyspnea and findings concerning for spontaneous pneumothorax or pneumomediastinum, the clinician should also inquire as to illicit substance abuse.
Conclusion
This case reflects that the risk of both spontaneous pneumothorax or pneumomediastinum is increased with the use of intravenous methamphetamine. The proposed mechanism is from an increase in inflammatory markers. In the absence of trauma, patients that present with signs and symptoms of spontaneous pneumothorax or pneumomediastinum should be screened for methamphetamine use. Treatment of pneumothorax is variable depending on the severity of disease, whereas treatment of pneumomediastinum is typically conservative.
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